
PATENT SPECIFICATION 


Date of Application and filing Complete 

Specification: May 31, I9SS. 


769,287 


, , : No. 15516/55 

Application made in United States of America on Aug. 18, l9s< 

Complete Specification Published: March 6. 1957. /gS 


\*ggjggX ^P'"' >P'“ficatlon Publish ed: March 6, 1957. 

ri.^,r^rr^r <A3!KiL>! ^’—«>• ««•«•* M pfl « Z 

COMPLETE SPECIFICATION V 

Preparation of Partial,,, Hyatoonic Acid and 

11/* A _ 




I We, American Home Products Cor¬ 
poration, a Corporation organized and exis*- 
ing under the Laws of the State of Delaware 
United States of America, of 22 East 40 th 

^ County, and State of New 
York, United States of America (Assignrr of* 

l me Z h 5 ei ?* r and ? avid Harry BaX do 
hereby declare the invention, for which* we 
pray that a patent may be granted to 
W the method by which it is to be nerform 

*• rardrauJ, deSSid’S^'T*" 

following statement:— y ine 

' JUS* ,n ^ C w tio . n re,ates to Partially de- 
polymerized hyaluronic acid, which is useSl 

In S ?K readj " g and “Pemia^learing age"* 

in the injection of therapeutic Lem. 

nZ e 5 „W n? °l, the agent ^ n the *8S5 

n frequently desirable. This is narticul»iv 

X and" in he h CaSe ^ f ,OCal and re «ional^anesthetics 
Sand in hypodermoclysis. Recently the » n 

ryme hy a iuronidase has bwn su^sfX 
«?clinic\| S ly r ^ hu® 501,1 ° n ani ™^* 

from y deDolvr»w? 7 -. r lf«i U ^r w f 1 i c * 1 results 


: “ a 
: ^TieariSity'SSi^ S^of 

hnng antibodies in the °C neut ra- 

possibility that protonged^S iS S*” “ a 50 
patient mav pe«ni# .*« #u® ca “*? 111 «*© same 
propert™ y pnJU u negat,0n ofi * uswl 

v^SS'^Sd I*—* ta-« 

ss? 2^ x i is,s.‘" 2 r^' 7 ‘" 

^saSS^r 


ssS€l^l ssb^SS- 

.S|»^«tUP^T 

** :S£,^WS»s" 

ing asem^'r^ 1S an effective spread- the desired 3 naTn^ 0111 the soIution of 
«‘^u,icai"y i^Ls^eve 51 ^”^ Used uro nic acid P * 1]y dep ° iymeri2e d hyal- 
1A,« 3/ »j A suitable degree of depo.ytoerira.ioo of *, 
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HA is reached by incubating, for example, 5 
percent sodium hyaluronate in physiological 
salt solution with the hyaluronidase at 38°C. 
for 15 minutes, after which the enzyme is de- 
5 activated and removed by autoclaving and 
<*ntrifuging. The supernatant liquid con- 
V * * tains the desired PDHA. 

Longer incubation reduces the spreading 
effect; for example, incubation for 60 min- 
10 utes lessens it by at least 50 percent. The 
degree of depolymerization which will give a 
product useful for the purpose indicated 
above corresponds to that obtained by in¬ 
cubation under the described conditions for a 
15 period of at least 5 minutes and less than 60 
minutes. The depolymerization may be 
effected otherwise than by hyaluronidase, as 
by non-enzymatic procedures involving, for 
example, treatment with ascorbic acid or with 
20 hydrogen peroxide and a metal, especially 
copper. 

In addition to its spreading action, PDHA 
has been found to have a lipemia-clearing 
action when administered intravenously, sub- 
25 cutaneously or orally. 

The invention broadly includes a solution 
in physiological saline substantially free of 
hyaluronidase activity of hyaluronic acid 
which has been partially depolymerized to a 
30 degree corresponding to that obtained by in¬ 
cubating a 5 per cent sodium hyaluronate 
solution in physiological saline with 20 TRU 
hyaluronidase per milligram of hyaluronic 
acid at 38°C. for a period in the range of 5 
35 to 60 minutes. 

The invention also includes the method of 
making a preparation of a drug for parenteral 
. administration having improved ability for 
spread and absorption which comprises ad- 
40 mixing with the drug a physiological salt 
solution of hyaluronic acid which has been 
partially depolymerized to the degree just 
specified above in the form of a non-toxic 
alkali metal salt in an amount sufficient to 
45 produce the desired spread and absorption. 
Examples of the preparation and physio¬ 
logical effects of partially depolymerized 
hyaluronic acid according to the present in¬ 
vention are given below, but these are inten- 
50 ded to be illustrative only and not to limit the 
invention. 

Example 1. 

Preparation of PDHA 
A 5% solution of sodium hyaluronate (HA) 

55 was prepared by dissolving 1,250 mg. of 
streptococcal HA in 25 ml. of physiological 
salt solution U.S.P. The mixture was placed 
in a water bath at 38° ± 1 °C. and stirred until 
the hyaluronate was in solution. To the HA 
60 solution 25 mg. of hyaluronidase (1,000 TRU/ 
mg.) was added and stirred until it dissolved. 
The HA-hyaluronidase mixture was kept in 
the water bath for 15 minutes, after which it 
was removed and placed in a steam pressure 
65 autoclave for 40 minutes (T=104°C.) At 


40 minutes the pressure in the 
autoclave was permitted to return to normal 
by shutting off the steam supply. The pre¬ 
cipitated hyaluronidase was removed P by 

for Vs at R P M * < 10 radius) 70 
for 15 minutes. The supernatant fluid, con¬ 
taining the partially depolymerized hyal¬ 
uronic acid as its sodium salt (PDHA) was 
assayed by the turbidimetric assay for residual 
hyahironidase. The assay showed less than 75 
0.1 TRU hyaluronidase/ml of solution. This 
solution containing the depolymerized HA. 
has pronounced spreading action and facili¬ 
tates absorption of solutions injected sub¬ 
cutaneously. If the depolymerization by the »0 
enzyme is prolonged to 60 minutes the 
spreading action is lessened by at least 50V 
The effect of duration of incubation on the 
spreading activity of PDHA is shown in the 
following table. The PDHA was prepared ss 
as above except that the incubation period 
was varied. Doses of 5 mg. in 0.1 mT test 
solution and 0.1 ml. 1% trypan blue in 
p hysi ological salt solution were injected intra- 
dermally into anesthetized rats, and the area m 
of spread was determined after a lapse of 60 * 
minutes as described in Example. 2 The 
results are given in the following table in com¬ 
parison with control injections of physiologi- • 
cal salt solution (PSS) and of 1.000 TRU of AS 
hyaluronidase. It will be seen that in this 
senes the spreading effectiveness of PDHA 
increases with incubation time from 5 minutes 
to 20 minutes, falls to a plateau at 30-50 . 
minutes, and starts decreasing again at 55 ioo 
minutes. Effective spreading is obtained in 
the range from 5 minutes to not over 60 
minutes, but maximum effectiveness is ob¬ 
tained in the preferred range 10-25 minutes. 

Table I. 105 

Relation of Incubation Time of Hyaluronic 
Acid with Hyaluronidase to Spreading 
Effectiveness of Partially Depolymerized 
Hyaluronic Acid (PDHA) 


Composition Injected 
Physiological Salt Solution 

( sq . mm.) 

After 60 Min. 

(PSS) 

255.0 

Hyaluronidase, 1,000 TRU 

596.2 

PDHA incubated 5 minutes 

462.6 

t» » 10 ,, 

565.0 

*# *i 15 , f 

981.4 

ti >• 20 „ 

1,047.4 

*t »* 25 ,, 

883.3 

*» n 30 M 

483.4 

»* i* 35 „ 

447.2 

i> i» 40 ,, 

441.9 

»» *f 45 ,, 

433.5 

*» i* 50 ,, 

417.4 

if 55 ,, 

Example 2. 

399.9 
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me uyr cuumj /iui un UJ 

PDHA with that of Hyaluronidase 
Spreading tests were made on albino 130 
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rabbits of both sexes weighing between 2.3 kg. 
and 2.9 kg. The intradermal injections were 
roade through a 26 guage, one-half inch 
needle into the lumbar and scapular regions 
5 clipped free from hair. The injections con¬ 
sisted of 0.1 ml. of 1 % trypan blue in physio¬ 
logical salt solution (PSS) mixed with 0.1 ml. 
of test solution. Measurements of the large 
diameter of spread (D) and the small diameter 
10 of spread (d) were made with a vernier caliper 
immediately after injection and 15, 30, and 60 
minutes later. The area of spread was com¬ 
puted from the formula for the area of an 


nun. ~ D x d x t. Eachconcen- 
4 

tration of a substance was tested rm * 

P M ch iB 

randonSzed^ 0 * ^ materialS l ° were 

0 f I f hl h * f 0 , 1 r in8 £* ble * com Parisonis made 
of the spreading effect of increasing doses of 

PDHA^*, “2 5 strepS^ll 

y “ d 15 "“"“‘es and hydro- 
lyzed 60 minutes. 25 


15 


20 


30 


35 


Dosage 


Mean area of spread, mm.* 


Dosage 

Mean area of spread, mm.* 


Table II. 

Spreading Effect of Hyaluronidase and 
Streptococcal PDHA in Rabbits Injected 
1 A Trypan Blue 

Hyaluronidase—TR V injected 

FI000 2ft00 


153.5 197.2 388.2 483.0 

PDHA injected—hydroly zed for 

15 "tin. 60 min. 

«,,,*• 5 mg. 

533.1 241.3 


5,000 

643.6 


10,000 20,000 

675.6 587.2 


30 


35 


•TRU=turbidity reducing units. 


It is seen that 5 mg. 15-minute PDHA has a 
40 greater effect than 2,000 TRU and less thq n 
5,000 TRU of hyaluronidase. The 60- 
minute PDHA had somewhat less than half 
this effect. 

Example 3. 


Undepolymerized hyaluronic acid (HA) 45 
had practically no useful spreading effect, as 
compared with the control of Table II 
pie results of tests on rabbits with HA front 
different sources and in different amounts is 1 
shown in Table III. ^ 


55 


Table III. 

Spreading Effect of HA on Rabbits Injected with 1 % Trypan Blue— 
mm.* in 60 Minutes 

Amount injected, ug control 

PSS .. I 53.5 

Streptococcal HA _ 

Umbilical cord HA _ 

Vitreous humour HA — 


50 

100 

1,000 

2,000 

147.1 

217.2 

198.1 

163.7 

160.7 

193.5 

202.2 

149.5 

202.2 

194.7 

171.5 

142.3 


5,000 

— _ — 55 

100.3 
112.9 

138.3 


Example 4. 

60 Hypodermoclysis 

The ability of PDHA to facilitate a hypo- 
dermoclysis of PSS in rabbits is shown in 
Table IV. It will be seen that 150 mg. of 
PDHA was as effective as 150 TRU of the 
65 enzyme. In other experiments 50 and 100 mg. 
of PDHA added to the clysis was without 
facilitating effect. 

Table IV. 

Effect of Hyaluronidase and PDHA on 
70 Hypodermoclysis in Rabbits 

Time for 

Hypodermoclysis — 
minutes 

Saline .. .47 

75 Hyaluronidase, 150 TRU 19 

Saline .. .51 

PDHA, 150 mg.18 


Example 5. 

Spread of an X-Ray Contrast Medium 
Facilitation of spread and absorption of an so 
X-ray contrast medium in guinea pigs is 
“V Table v - 11 can be seen that 150 
TRU of hyaluronidase or 150 mg. of PDHA 
increased the area of spread and the rate of 
absorption and appearance of the opaque 05 
material in the urinary bladder by twofold. 

Table V. 

Effect of Hyaluronidase and PDHA on 
Absorption and Excretion of"Urokon ”• 
Spread mm* Appearance 
at time 
of injection 


Treatment 

Group 


Saline 

"h 

14 Urokon " 


in Urinary 
Bladder 
(Minutes) 


90 


Mean 4.4 


30 


95 
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Treatment 

Spread mm. 1 
at time 

Group 

of injection 

5 150 TRU 
Hyaluronidase 
+ 

“ Urokon ” 

Mean 10.4 

+ 

10 150 mg. 

PDHA 

+ 

“ Urokon ” 

Mean 11.4 


in Urinary 
Bladder 
(Minutes) 


•An X-ray contrast medium sold under the 
15 Registered Trade Mark “ Urokon.” 

Example 6. 

The effect of PD HA on an injected local 
anesthetic was tested on four human sub¬ 
jects. Threshold amounts of a proprietary 
20 local anesthetic “ Wycaine ” (a substituted 
glycinamideethanolamine derivative) were in¬ 
jected into the subjects both with and without 
the addition of PDHA. Since only threshold 
amounts were used, it was impossible to 
25 measure the spreading effect directly because 
increased spreading would result in sub¬ 
threshold concentration at the periphery. 
However, the duration of anesthesia offered 
an indirect measure of spreading, absorption 
30 being inversely proportional to the extent of 
spreading and rate of absorption. From the 
following table it will be seen that PDHA 
facilitates the spread and absorption of the 
injected anesthetic, the duration of anes- 
35 thesia being substantially halved by its 
presence. 


Table VI. 

Duration in Minutes of Local Anesthesia 

nf nnvv"'> S w }ec,s l Pj ecf ed with 1 ml. 
of 0.02/ a Wycaine with and without 

the Addition of 1 mg. PDHA 
Subject Without PDHA With PDHA 

1 140 70 

2 > ,2 5 55 

3 > 125 Vo 

4 100 70 


Example 7. 


This example illustrates the lipemia-clear- 
mg effect of PDHA on dogs. Lipemia sn 
established for the intravenous test in 3 male 
and 3 femaje fasted dogs by the intragastric 
administration of 20-25 ml./kg. of cottonseed 
on. The extent of lipemia in the plasma was 
determined by determining its light trans-ss 
mission at 650 mu in a Beckman quartz 
spectrophotometer using silica microcuvettes 
at 22 C. Lipemic plasma transmitted 35% 
or less of the incident light, while normal 
plasma transmitted 85% or more. The® 
upemia-clearing effect of intravenously ad- 
minstered PDHA is shown in Table VII. 

In the table the first column indicates the 
dosage, the second column transmission of 
the plasma before treatment, the third column 6$ 
transmission 60 minutes aAer administration 
of cottonseed oil, and succeeding columns 
transmission after the number of minute 
indicated in the headings. The PDHA was 
injected at the 60 minute interval. 


Table VII. 

Lipemia-Ctearing Effect of Intravenous PDHA on Dogs : 
Percentage Light Transmission of Plasma (Average of 6 Dogs) at the Indicated 
lime in Minutes after Adminstration of Cotton Seed Oil—PDHA Injected 


Hlk. untreated t» 90 120 150 180 210 240 300 360mm. 75 

20 mg ./kg. 70 55 77 85 88 59 46 37 

10 mg./kg. _ 94 55 9 2 92 84 64 52 41 8 

t effect of PDHA is shown in lipemic plasma in the ratio 0.1 mi. : 0.5 ml.. 

Table Yin. In this case no cotton seed oil the mixture held for 5 minutes at room 

80 w K T C h d ’ b i Ut lhC P a , sma Uk 5!l ^ temperature (22°C.) and light transmission 

dosed dogs at hourly intervals was add ed to determined as above. $5 

Table VIII. 

Lipemia-Clearing Effect of Oral PDHA on Dogs : 

Percentage of Light Transmission of Plasma at the Indicated Time in Minutes after Start 

£osage Untreated 60 120 180 240 300 min 

90 50 mg./kg. 86 66 87 95 64 37 90 




at 60 Minutes 


Untreated 

60 

90 120 150 

180 

70 

55 

77 85 

88 

94 

55 

92 92 84 

64 


From the preceding disclosure it will be 
seen that we have discovered a new product 
useful in various ways in animal.experimenta- 
tion and in anunal and human therapy, and a 
95 method of preparing it. 

The terms hyaluronic acid (HA) and 
partially depolymerized hyaluronic acid 


(PDHA) are used in the specification and 
claims to include both the free acids and their 
alkali metal salts. They also include, re- 100 
spectively, hyaluronic acid and partially de¬ 
polymerized hyaluronic acid regardless of the ^ 
source of preparation, viz: umbilical cord, 
vitreous humour or bacteria. 
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What we claim is:_ 

1. The method of producing a material 
having the property of promoting the spread 
- of . the ppautic liquids introduced into living 
0 animal tissues which comprises partially de- 
polymenzing hyaluronic acid to a degree 

corresponding to that obtained by incubating tain in J m Claim 4 

a .^ P** 0 * 11 * sodium hyaluronate solution in 7 a ^Snostic agent. 

10 dSSrS«a Une f ^ th . 20 TRU hyaluroni. taini„» IK“ Claim 4 
aase per milligram of hyaluronic acid at 38°C 

for a period in the range of 5 to 60 minutes, 
hy^^^^ 

a hyaluronate of an alkali metal in physiS? 
h?&!£“ £. fon ? a , 5 ** Tccnt elution tf 
of 20 TRli wn ,ng hyal i! r ° nidas e in a ratio 
hlt;„.T? U nuJbgram of hyaluronate, incu- 
bating the mixture at 38°C. for a period in 
the range of 5 to 60 minutes, heking the 
a temperature and for a times uS- 
cient to deactivate the hyaluronidase, cooling, 
and separating the precipitated deactivated 
I* ■**??*/ r01 ? the so,ut ton of the de- 

sired partially depolymerized hyaluronic acid 
25 3. The method defined in Claim 2 in which 

the incubation period is in the range 10-25 
minutes. * " 

4. A solution in physiological saline sub- 

PublUhed « Th. *£& S3SUS 


taming «'^tableT^wn^agen° n ' 
taming a S n hijSable^thetic?*^ 4 ^ 

. * 

Sh V comSs admudx^vrith 
physiological salt sota^Vh&± n £ U J!i 5 
which has been partially depo&eX m ti £ as 
degree specified in Claim lm the Jr 45 
non-toxic alkali meud salt in of a 

suffidentto produce the desired entanoenient 
of spread and absorption. '"taneetnent 

pottd ne hS^e'S , L’!S>'4r. * 

^njMjy. described and iiluswaTbi ■£, 

w. p. THOMPSON A CO r 

12^ Oiurch Street, Liverpool, 1, 

Chartered Patent Agents. 
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